The production of a neutralino pair via gluon-gluon fusion is studied in the minimal supersymmetric model(MSSM) at proton-proton colliders.
We did some modifications in our manuscript according to the referee's suggestions, 1. For the language problems: (1) The misspelled words are changed. ( 2) The symbol '+ X' is added for the gg parton states in the subtitle of section 2. (3) The bar over the sum symbol in formula (2.9) is changed, and the symbol for the luminosity in formula (2.10) and (2.11) is adjusted.
2. For the more serious shortcomings: (1) The typing error in neutralino mass matrix (2.2) is corrected. ( 2) The argument about divergences on page 5 is omitted. The word 'evolution' is substituted by the word 'calculation'. (3) The illustration of 'the exchange of incoming gluons diragrams' is added. (4) The argument using Furry's theorem is changed. (5) The discussion on the Higgsino-like neutralinos pair production is added in the text and a relevant figure named ' Fig.(3) ' is also added. (6) The references of renormalization group routine we used to calculate our low energy scenario from mSUGRA and the width of the intermediate Higgs bosons are added in section 3. (7) Some discussions of the curves about the cross section of neutralino pair production as the function of tan β are added.
3. For the additional questions: We use the newer sets of MRST of gluon densities to re-calculate the cross section and we found the newer results are only very little different between the MRST (mode 2) scheme and the older MRS (set G) scheme. This is addressed at the end of section 3. We also add the discussion of the uncertainty of scale variation in the text and add a figure named ' Fig.(2) '.
We are very grateful for the referee's useful suggestions.
With our best regards.
Sincerely yours, Ma Wen-Gan 
Introduction
The Standard Model(SM) [1] [2] is a successful theory of strong and electroweak interactions up to the present accessible energies. The hierarchy problem suggests that in principle the SM is the low energy effective theory of a more fundamental one. Supersymmetry (SUSY)
is presently the most popular attempt to solve the hierarchy problem of the SM, where the cancellation of quadratic divergences is guaranteed and hence any mass scale is stable under radiative corrections. The most favorable candidate for a realistic extension of the SM is the minimal supersymmetric standard model(MSSM). In the MSSM, a discrete symmetry called R-parity [3] is kept in order to assure baryon and lepton number conservations, because the gauge-coupling unification supports conservation of R-parity [4] . It implies that there exists an absolutely stable lightest supersymmetric particle(LSP). Proper electroweak symmetry breaking induces the right properties of the LSP being a natural weakly interacting cold dark matter candidate, which can explain many astrophysical observations [5] . In most cases the LSP in the MSSM may be the lightest Majorana fermionic neutralino. The neutralinos are mass eigenstates which are model dependent linear combinations of neutral gauginos and higgsinos [6] . They are determined by diagonalizing the corresponding mass matrix.
In the MSSM the mass matrix depends on four unknown parameters, namely µ, M 2 , M 1 , and tan β = v 2 /v 1 , the ratio of the vacuum expectation values of the two Higgs fields. µ is the supersymmetric Higgs-boson-mass parameter and M 2 and M 1 are the gaugino mass parameters associated with the SU(2) and U(1) subgroups, respectively.
Direct search of supersymmetric particles in experiment is one of the promising tasks for present and future colliders. The multi-TeV Large Hadron Collider(LHC) at CERN and the possible future Next Linear Collider(NLC) are elaborately designed in order to study the symmetry-breaking mechanism and new physics beyond the SM. When the LEP2 running will be terminated, the hadron colliders Tevatron and LHC will be the machines left in searching for supersymmetric particles. Therefore it is necessary to give a proper and full understanding of the production mechanisms of supersymmetric particles at hadron colliders. If supersymmetry really exists at TeV scale, SUSY particles should be discovered and it will be possible to make accurate measurements to determine their masses and other parameters of the Lagrangian at the LHC, and then we will have a better understanding of the supersymmetric model [7] . We know that there are several mechanisms inducing the production of a chargino/neutralino pair at hadron colliders. One is through the quark-antiquark annihilation called Drell-Yan process, and another is via gluon-gluon fusion. Although the neutralino pair production via gluon-gluon fusion is a process induced by one-loop Feynman diagrams, the production rate can be still significant due to the large gluon luminosity in hadron colliders. The direct production channels of chargino/neutralinos and sleptons at the hadron colliders Tevatron and LHC pp/pp →χ iχj + X andll ′ + X via quark-antiquark annihilation are investigated by Beenakker et al [8] . A recent work [12] showed that the one-loop process of the lightest chargino pair production via gluon-gluon fusion at the LHC can be considered as part of the NLO QCD correction to the quark-antiquark annihilation process. The neutralino pair production via quark-antiquark annihilation at the LHC was also considered by Han et al. [9] . The measurement of CP violating supersymmetric phases in the chargino and neutralino pair production at the NLC was investigated by Barger et al [10] . The lower mass limit of 29.1GeV on the lightest neutralino is obtained experimentally by analyzing the DELPHI results with the assumption that M 1 /M 2 > ∼ 0.5,tanβ = 1, µ = −62.3GeV and M 2 = 46.0GeV [11] .
In this paper we concentrate on the direct neutralino pair production via gluon-gluon 
, where λ ′ is the bino and λ 3 is the neutral wino, the neutralino mass term in the Lagrangian is given by
where the matrix Y reads 
) with the order of mχ0
. Then the twocomponent mass eigenstates can be
3)
The proper four-component mass eigenstates are the neutralinos which are defined in terms of two-component fields asχ 4) and the mass term becomes We denote the reaction of neutralino pair production via gluon-gluon collision as:
The corresponding matrix element for each of the diagrams can be written as
where Mŝ, Mt and Mû are the matrix elements from s-channel, t-channel and u-channel diagrams, respectively. The amplitude parts from the u-channel box and triangle vertex interaction diagrams can be obtained from the t-channel's by the following: 8) where the indices i and j are for the final neutralino. When i = j, there is a relative minus sign due to the Fermi statistics, which requires the amplitude to be antisymmetric under interchange of the two final identical fermions. The cross section for this subprocess at one-loop order in unpolarized gluon collisions can be obtained bŷ
9)
. The factor ( With the results from Eq.(2.9), we can easily obtain the total cross section at pp collider by folding the cross section of the subprocessσ(gg →χ 0 iχ 0 j ) with the gluon luminosity,
where √ s and √ŝ denote the proton-proton and gluon-gluon c.m.s. energies respectively and dLgg dτ is the gluon luminosity, which is defined as
Here we used τ = x 1 x 2 , the definitions of x 1 and x 2 are from Ref. [15] . In our numerical calculation we adopt the MRST(mode 2) parton distribution function f g (x i , Q 2 ) [16] , and ignore the supersymmetric QCD corrections to the parton distribution functions for simplicity. The factorization scale Q was chosen as the average of the final particle masses
The numerical calculation is carried out for the LHC at the energy 14T eV .
Numerical results and discussions
In this section, we present some numerical results of the total cross section from the full one-loop diagrams involving virtual (s)quarks for the process pp → gg + X →χ . When Q is larger than mx0
2
, the cross sections of these two processes are nearly independent of the factorization scale.
In Fig.3 we show the cross sections of gaugino-like neutralino pair production and the higgsino-like neutralino pair production. For the gaugino-like neutralino pair production, we choose the same values of mSUGRA parameters adopted in Fig.2 . But in the higgsino-like neutralino case, we choose M 1 = 150GeV , M 2 = 210GeV and µ = 90GeV in order to keep the masses ofχ QCD correction to the quark-antiquark production process. The neutralino pair production rate via gluon-gluon fusion should be considered in studying the pair pair productions of neutralinos at proton-proton colliders.
In In our calculation we find that the discrepancy between our results from the newer sets of gluon densities in the MRST(mode 2) scheme and the older sets in the MRS(set G)
scheme [19] is very small and cannot be distinguished in figures.
Summary
In this paper, we studied the pair production process of the neutralino via gluon-gluon fusion at the LHC collider. The numerical analysis of their production rates is carried out pair production.
